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ABSTRACT 



A survey of aerobic digesters used to stabilize 
waste sludges from seven water pollution control plants in the 
Province Was conducted over an eighteen month period. Air 
flow rates of 20 cfm/1000 cu ft of digester capacity were 
inadequate for both mixing and oxygen requirements in certain 
installations. Air flow rates determined on the basis of 
sludge age and solids concentrations indicate that rates of 
approximately 50 cfm/1000 cu ft of digester capacity are 
required. To produce a stable sludge, a total sludge age in 
excess of 120 days is required. To effect sludge concen- 
tration and to provide the necessary sludge age, a two stage 
digester should be provided for all plants except the extended 
aeration modification of the activated sludge process. 

The reduction of volatile solids is not a practical 
indicator of digested sludge stability. Digesting sludge 
stability is best indicated by the specific oxygen uptake rate? 
this rate is temperature dependent. Operational problems can 
result from temperature extremes in the digester; however, 
temperature variations can be minimized by the physical design 
of the plant. 
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HITROPUCTION 



Current design of water pollution control plants is 

priroarily concerned with the production of high quality 
effluents. In achieving this goal by reiioving the organic 
pollutants, large quantities of sludge are produced that 
cannot normally be disposed of without some means of pre- 
treatment. The normal practice has been tO' anaerobically 
digeist waiste sludge to render it less noxious prior to 
ultimate disposal. Since the anaerobic sludge digestion 
process is efficient only under controlled coeditioris of 
temperature and pH, relatively sophisticated prO'Ceaa equipment 
and adequate supervision must be provided to maintain the 
necessary process conditions. Many of the smaller coimiunities 
in Ontario are unable to provide such a systero because, of the 
cost involved. To provide for sludge treatment in such cases, 
the aerobic digestion process has been used in a number of new 
or modified treatment plants built within the last five years. 
This process basically consists of aerating waste sludge in an 
unheated open tank. Minimal supervision is required since 
process fail'ure and hazardous operating conditions associated 
with the anaerobic digestion process do not exist. The sim- 
plicity of the aerobic digestion equipment results in both a 
lower initial cost and lower maintenance costs , 

The design criteria on which aerobic digesters have 
been based were derived from a nuntoer of laboratory studies. 

However, the conditions of these studies were idealized and 
are seldom, realized in full scale plants. 

This project was undertaken to ascertain the 
validity of these design parameters as well as to^ evaluate the 
performance of the aerobic digestion process and the mechani- 
cal designs employed. The aerobic digestion process at seven 
treatment plants was evaluated and foima the basia of this 
report. 

Particular areas that were invefitigated ineluded 
biological oxygen requirements, methods of operation, types of 
treatment plants preceding the aerobic digester, the practical 
operating range for suspended solids concentration, super- 
natant quality, digested sludge character is tics,, disposal 
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methods following digestioti, volatile solids destruction, 
seasonal operating problems # and operational problems related 
to ether soluble materials and metals. 

The information obtained is intended to be used in 
the design of future plants so that the aerobic digestion 
process can be efficiently employed where applicable and 
avoided where process or cost limitatioiis would malce it 
unsuitable. 
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LITERATURE REVIEW 



In recent years, due to the increase in the niimber 
of extended aeration and contact stabilization treatment 
plants, aerobic digestion has been receiving increasing 
attention. Most applications of the aerobic digestion process 
have been used to stabilize waste sludge from modified acti- 
vated sludge systems operating without primary settling. The 
basis for the design of these digesters was derived from a 
number of laboratory investigations of aerobic digestion. 

Heukelekian (10) in 1933, compared aerobic and 
anaerobic decomposition of sewage solids for various detention 
tiroes at 20*-'C. His results indicated that the destruction of 
volatile matter is greater under aerobic conditions than under 
anaerobic conditions at 20°C. The higher volatile matter 
destruction under aerobic conditions was attributed to a great 
extent to the higher percentage destruction of fats and 
nitrogenous materials. These findings substantiated Tenney 
and Waksman's claim that the rate of aerobic decomposition is 
greater than the anaerobic rate under certain conditions (29) . 

Hostetler and Malina (11) reported similar percent 
reductions of the volatile solids (VS) in the feed sludge for 
both aerobic stabilization and anaerobic digestion at an 
organic loading of 0.14 pounds of volatile solids per day per 
cubic foot (lb VS/day/cu ft) of digester capacity. Sludge 
drainability data indicated that the aerobically treated 
sludge and the anaerobieally treated sludge exhibited similar 
drainage characteristics. At higher organic loadings, 
anaerobieally digested sludges drained better than the 
aerobically digested sludges. Very little odour was produced 
by either digested sludge while drying, although the feed 
sludge produced obnoxious odours . 

jaworski, Lawton and Rohlich (14) studied the 
aerobic stabilization of mixtures of primary and waste 
activated sludges over a range of organic loadings , detention 
times and temperatures. Their results indicated that 
reduction of volatile solids is greater at higher temperatures 
and at lower loadings. They reported a reduction in volatile 
solids of 21 percent at a detention time of 5 days at 20*^C. 
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After a detention time of 15 days at 20OC, the reduction in 
volatile solids was 43 percent and after 60 days at 20*^C it 
was 46 percent. The data indicated that the maximuin practical 
loading rate, based on percent reduction in volatile solids, 
is approximately 0.10 lb VS/day/cu ft. The digested sludges 
produced little odour during the drying process and the 
drainability of sludges digested for periods greater than 
5 days was satisfactory. 

The findings of Lawton and Norman (17) agree closely 
with those of Jaworski et al. (14). These data show a sig- 
nificant increase in the volatile solids reduction with 
increased loading rate up to 0.094 lb VS/day/cu ft. But, when 
the loading rate increases above 0.094 to 0.1124 lb VS/day/ 
cu ft, there is a noticeable decrease in the reduction of 
volatile solids. 

Eckenfelder (9) studied the aerobic stabilization of 
waste activated sludge from a conventional activated sludge 
plant. At the end of 7 days aeration at 250C the data indi- 
cated a 38 percent reduction in volatile suspended solids 
iVSS) and a decrease of 48 percent in the mixed liquor 
chemical oxygen demand (COD) . 

Ackers (1) in 1959, investigated some of the factors 
that may influence the auto-oxidation rate (endogenous 
respiration) of biological sludge. He considered two primary 
factors: 

(a) the effect of the mean sludge age (the weight of 
volatile suspended solids in the system divided by 
the weight of volatile suspended solids added daily) 
on the auto-oxidation rate; 

(b) the effect of separate aeration (aerobic digestion) 
of the mixed liquor without additional substrate 
being added during the aeration period. 

He reported higher auto-oxidation rates for sludges of lesser 
age and observed that the rate of change of auto-oxidation is 
considerably less than the rate of chaAge of sludge age. 
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Washington and Symons (31) and Kountz and Forney (16) 
have observed that total oxidation is not technically possible 
and that there is a limit to the amount of reduction attainable, 
They reported that if aeration is continued for an extended 
period, a residue is produced that consists of inorganic com- 
pounds that are resistant to further biological destruction. 
Results from a study of aerobic digestion conducted at the 
P.F. Morgan Sanitary Engineering Laboratory, State University 
of Iowa (7), indicate that as the sludge age of the sludge 
being added to the aerobic digester increases, the percent 
removal decreases. Thus, it would appear that a sludge age 
could be attained beyond which no significant reduction of 
volatile suspended solids would occur, 

Hostetler and Malina (11) in 1964, studying the 
aerobic digestion of primary sludge under three volatile 
solids loadings, noted a significantly higher reduction of 
volatile solids at the lower loading. They reported a 
38 percent reduction of volatile solids at a loading of 
0.14 lb VS/day/cu ft and about 25 percent reduction of 
volatile solids at loadings of 0.17 and 0.20 lb VS/day/cu ft. 
They indicated that at the higher loadings the digestion units 
were not receiving an adequate supply of oxygen. The weight 
of volatile solids broken down however, was about the same at 
the three organic loadings (about 12,000 mg/1) . They concluded 
that a limited amount of organic solids may be degraded under 
aerobic conditions during a 15 day detention time at SS^C 
regardless of the organic loading. 

Contrary to the results of Jaworski et al. (14), 
Burton and Malina (5) reported that the aerobic stabilization 
unit is capable of more efficient decomposition of solids at a 
loading of 0.14 lb VS/day/cu ft than at 0.10 lb VS/day/cu ft. 
However, the reductions of volatile solids were calculated by 
dividing the difference in the volatile solids coneentration 
of the feed sludge and the stabilized sludge by the concen- 
tration of volatile solids in the feed sludge: 

^ „ , ^. „^ Feed VS - Stable VS „ , „„ 

Percent Reduction VS = T--rr X 100 

Feed VS 

Based on the data published by Hostetler and Malina (11), they 
also appear to have used this equation for calculating the 
reduction of volatile solids; this equation applies only to a 
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batch process while both studies dealt with continuous 
processas. Using the equation. 

Percent Reduction VS* - VS Feed - VS Stable 

rej-wcxii- «.e«uv-uxuii vo ^g ^^^^ _ j^g ^^^^ ^ ^g Stable) ' 

which is derived from a mass balance on a continuous system 
and the data of Burton and Malina (5), the aerobic digester 
loaded at the lower rate shows a greater reduction of volatile 
solids. 

The above equation for continuous feed systems has 
been adopted by the Water Pollution Control Federation's 
Subconunittee on Sludge Digestion (32) and variations of this 
equation have been used by several authors to calculate the 
reduction in volatile solids during digestion (4) (26) (27) 
(30) (32). 

Dreier (8) has reviewed the performance of the 
aerobic digestion process at several field installations. 
The digested sludges produced were stable and did not esdiibit 
any obnoxious odours when left standing for several weeks . 
Based on the field studies and on a literature evaluation, he 
concluded that 15 days volumetric (hydraulic) detention should 
be provided for waste activated sludge alone at a temperature 
of 60OF (15, 5°C) f for mixtures of primary and waste activated 
sludge a minimum displacement time of 20 days and a maximum 
loading of 0.10 lb TS/cu ft/day were suggested for design in a 
moderate climate. Longer detention tijnes would be necessary 
in colder climates or if sludge storage is to be provided. 

In many European countries the design of aerobic 
digesters is based on a hydraulic detention time of 5 days (3) 
(15) (23) . In the United States the "Rapid Bloc" process has 
been used in more than one hundred plants with aerobic digesters 
designed for 7.5 days detention (23). In Quebec, the first 
aerobic digestion units were designed on 5 days detention (23) , 
Following a decision by the Quebec Water Board, they are now 
designed on 10 days detention. There are no data available 
however, to indicate that adequate stabilization is achieved. 



*Volatile solids (VS) values are expressed as a fraction, per- 
cent of the total solids (TS) . 
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If the digester is not sufficiently large for this to occur, 
the digested sludge may putrefy when applied to the land or a 
drying bed. This fact is recognized in Ingland and although 
19 days hydraulic detention time is considered adequate, the 
design of aerobic digesters has been based on a detention 
time of 29 days (22) . 

Lawton and Norman (17) , discussing previous studies 
and Norman's continuation of the studies of Jaworski et al, 
(14) , reported on the effect of temperature and aeration time 
on digestion of a mixture of primary and waste activated sludge. 
The results, which agreed closelY with those of Jaworski et al, 
(14) , indicated the reduction of volatile solids increases 
significantly with increasing detention time and increased 
temperature between iS^c and 30OC. 

Barnhart (2) studied the aerobic digestion of a 
variety of domestic and industrial sludges and reported that 
the reductions of volatile suspended solids obtained were 
comparable to anaerobic digestion. He concluded that the 
effects of temperature below 20OC are significantly retardant 
to aerobic digestion. Reyes and Kruse (27) aerobically 
digested night soil and also found that the rate and degree of 
stabilization vary directly with the digestion temperature. 

The work of Woodly on temperature effect was 
reviewed by Viraraghavan (30). Woodly' s data indicated that 
primary sewage sludge can be aerobically stabilized under 
mesophilic (35°C) or thermophilic (52°C) conditions and that 
the percentage reduction in volatile solids was higher in the 
mesophilic than in the thermophilic range. The mesophilic 
oxidized sludge settled readily and gave a clear supernatant, 
whereas thermophilic oxidation was more efficient in the 
destruction of nitrogenous material. 

Aerobic digestion studies using waste sludges from 
different plants have shown the rate of volatile solids 
reduction to change by a factor of two for each 10 Centigrade 
degree temperature change within the range between QO and 35°C 
(6) (9) (18) (28) (3 0) . Data reported in the literature 
indicate that a sludge age of approximately 15 to 18 days at 
20° would be sufficient to accomplish acceptable digestion (2) 
(8) (14) (17) (18) (30). Because of the temperature effect, 
a sludge age of approximately 30 days would be needed to 
accomplish the same degree of stabilization at 10^*0. 



For the aerobic digestion of waste sludge, the air 
requirements will be related to the oxygen requirements for 
the biological oxidation reactions and to the oxygen transfer 
efficiency of the aeration equipment. For design purposes, an 
air supply of 15 to 20 cubic feet per minute per 1,000 cubic 
feet (cfm/1000 cu ft) of digester liquid capacity is 
frequently used to determine the air requirement for aerobic 
digesters. This figure is claimed to adequately meet the 
requirements for oxidation and mixing (8) (18) . 

Studies on the specific uptake rate of sewage 
sludge have been conducted by several investigators. Barnhart 
(2) showed a variation in oxygen requirements for mixed 
primary and activated sludge from domestic sewage of 2.5 to 
3 milligrams of oxygen per gram of volatile suspended solids 
per hour (mg 02/gin VSS/hr) , Carpenter and Blosser (6) 
reported after the first 24 hours aeration the oxygen require- 
ments of secondary sludge (activated sludge) during aerobic 
digestion were reasonably stable and found to be in the range 
of 2,5 to 6 mg 02/gm VSS/hr. Placak and Ruchhoft (21) and 
Eckenf elder (9) reported various activated sludges to have 
specific uptake rates of 2 to 7 mg 02/gm VSS/hr, depending on 
the sludge age, Loehr (18) noted that where sludge synthesis 
is required, such as when raw sludge is included in the feed 
to the digester, the high cost of supplying air is a major 
disadvantage to the aerobic digestion process. 

Randall and Koch (25) investigated the factors 
affecting dewatering of aerobically digested sludge from 
twalve full scale contact stabilization plants on open air 
sand drying beds. The use of paved sludge beds of centre 
drain design was also studied. The standard sludge used for 
comparative purposes was from a plant operating at only 10 per- 
cent of its design flow. However, their findings indicated 
that the principal mechanism of dewatering was drainage, rather 
than evaporation. Thus paved drying beds do not perform as 
well as sand drying beds. Sludges from digesters with low 
dissolved oxygen (DO) levels (less than 1 mg/1) dewatered 
poorly, Dewatering rates also decreased with increasing 
solids concentration. They found that an aeration rate of 
0.12 lb air/lir/cu ft (approximately 25 cfm/1000 cu ft) satis- 
fied mixing and biological oxygen requirements for most 
digesting sludgcij. Sludge ages and corresponding solids con- 
centrations for the various sludges were not reported. Drying 
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times ranged from 7 to 14 days to produce a dried sludge with 
a moisture content of 15 percent or less. The average daily 
temperature throughout most of this study was 85°F (30OC) . 

Murphy (19) studied the effects of aeration on the 
f ilterability and drainability of mixtures of primary and 
waste activated sludge for different detention times at IS^C. 
He concluded that the reduction of volatile solids with 
digestion periods up to 6 days was not appreciable, and that 
vigorous aeration for short periods reduced the f ilterability 
and settleability of the sludge. 

Some investigators have reported that sludges 
digested aerobically do not always settle well in the super- 
nating process. Jaworski et al. (14) and Lawton and Norman 
(17) observed that few of the sludges digested exhibited good 
settling characteristics, with good settleability obtained 
only in those samples digested for 60 days at 15°C and for 
10 days at 35°C. 

Carpenter and Blosser (6) , when investigating 
aerobic decomposition of domestic sludge and secondary paper 
mill sludges, observed similar results. After extended 
aeration periods, on some occasions, they encountered floating 
sludge due to entrained air and supernating could not be 
accomplished without degassif ication. 

Normally aerobic digestion produces a high quality 
supernatant that has a lower biochemical oxygen demand (BOD) 
and nutrient level than those from anaerobic digestion. The 
results of several investigations indicate that BOD values would 
be less than 100 mg/1 (2) (8) (14) and range as low as 10 mg/1 
(13). 

Irgens and Halvorson (13) investigated the removal 
of plant nutrients by means of aerobic stabilization of 
primary sludge. They reported that the aerobic digestion 
process ties up the available nitrogen and phosphorus so that 
practically none remains in the supernatant liquor. 

Several authors have indicated that the concentration 
of nitrate nitrogen in digester supernatant liquor gradually 
increases as digestion progresses. Jaworski et al. (14) 
reported an increase in nitrate content from zero at 5 days 
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deteintioii to 64 mg/l at 10 days, 17 mg/1 at 30 days, and 
835 mg/l at 60 days when mixed primary and waste activated 
sludge was aerobically stabilized at 150c. Randall and 
Koch (24) extended the digestion periods of aerobically 
digested activated sludges obtained from five field instal- 
lations and reported a progressive increase in supornatant 
nitrate content with length of digestion period, 

Jaworski at al. (14) also noted that the pH of 
digesting sludge increased to a maximuiti of 8 for detention 
periods up to 10 days and then gradually declined to a value 

near 5 . 

Kehr (15) has noted that because of economics, 
sludge stabilization is not carried out to coroplete minerali- 
zation but is interrupted before it is reached. In the 
anaerobic digestion process, the "technical digestion limit" , 
according to Imhoff and Pair (12) is defined as the point 
where 90 percent of the total gas is produced. Similarly, 
aerobic stabiliiation of sludge is not carried out to complete 
mineralization, but only to a certain degree of stabilization. 
Up to now there has been no definite index for the degree of 
aerobic s 1 udge s tab i 1 i zat i on . 

Kehr (ISJ' suggests that the intensity of respiration 
in sludge, or "reductase activity" of sludge, might be able to 
serve as a useful index for the degree of aerobic stabilization. 
According to Okazaki and Kato (20) , the dissolved phosphate 
concentration in digested sludge supernatant liquor increases 
with the progression of aerobic stabilization and the release 
of soluble orthophosphate would serve as a favourable index 
for aerobic stabilization. However, depending on many 
variables including pH, dissolved oxygen, and cations present 
mnd their concentration, the orthophosphorus may be chemically 
fixed in the sludge solids; hence, the release of orthophos- 
phate phosphorus froin digesting sludge can not always be 
predicted. 
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FIELD STUDY PROCEmJRES 



SMtipling Procedures 

Routine samples of waste sludge (influent to the 
digesters) , supernatant and digester contents were submitted 

over a twelve month period by the treatment plant operators. 
In addition, each plant was visited repeatedly to ascertain 
the operating conditions and problems of the digesters. As 
well as field ,m,aasurements at these times, additional samples, 
were taken for analyses not performed on a routine basis. 
Plow data were obtained from plant operating records. 



Routine sample Analyses 

All samples were analyEed for pH, COD, total solids, 

total volatile soiids, total Kjeldahl nitrogen, and total 
phosphorus. Supernatant samples were also analyzed for BOD, 
filtered BOD, suspended solids, nitrate nitrogen and ortho- 
phosphate phosphorus. 



Additional Analyses 

Tests performed in the field included pH, tempera- 
ture, dissolved oxygen, oxidation reduction potential (ORP) , 
nitrate nitrogen and oxygen uptake rates o^f the digesting 
sludges. Additional samples were taken for ether solubles 
and heavy metals analyses (chroiniiim, aluminum, zinc, copper, 
nickel, lead, cadmium, manganese and iron) , The amount of 
solids deposition in the digesters and other tanks was deter- 
mined by probing the bottom of the ta.nks with a pole. The 
depth of the bottom deposits was determined by forcing the 
pole through the deposits to the tank bottom. Bottom samples 
ware taken with an Eltman dredge and analyzed for pH, ORP (in 
the field), COD, total and total volatile aolids, total 
Kjeldahl nitrogen and total phosphorus. 

Samples of the treatment zones preceding the aerobic 
digesters (aeration tanks in conventional plants and contact 
and reaeration zones in contact stabilization plants) were 
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taken for oxygen uptake rates and suspended and volatile 
suspended solids. The oxygen uptake rate of several primary 
sludges was also determined ., 
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DISCRIPTIQII OF TREATMEOT FACILITIES 



A description of the facilities of each of the 
treatrnent plants that was included in the survey of operating 
aerobic digesters in Ontario follows. The design data of 
these planta and particularly the aerobic digesters are 

presented in Table 1, 



Aurora WPCP 

The wastewater treatment facilities of the Town of 
Aurora were recently modified and expanded to accoitinodate the 
increase in population. The conventional activated sludge 
plant was itiodifind to operate as a contact stabilization unit. 
The existing anaerobic digester and aeration tanks of a 
previous plant were to be used for aerobic digestion of waste 
sludge froin the contact stabilization plant. The final 
clarifier of the old installation was to serve as a sludge 
thickener for digested sludge. However, the old aeration 
tanks are only occasionally used for sludge digestion because 
of operating difficulties. 

The design air supply for the second stage aerobic 
digester (former anaerobic digester) was based on the organie 
loading from the first stage digester. The air flow to the 
second unit is consequently 480 scfm (i,4 cfm/1000 cu ft of 
digester capacity) while the first stage digester was designed 
for an air supply of 25 cfm/1000 cu ft of digester capacity. 
This was to provide excess air for agitation- 
Ultimate sludge disposal is effected by truek 
haulage and land disposal. 



Bolton WPCP 

The treatment facilities of the Village of Bolton 
were designed to replace the former trickling filter system. 
The treatment plant utilizes the conventional activated sludge 
process with treatment of both primary and waste activated 
sludge provided by a single stage aerobic digester. Ultimate 
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disposal of waste digester solids is effected by discharge to 
a sludge drying bed followed by truck haulage and land 
disposal • 



Kleinburg WPCP 

The sewage treatment facilities for the Kleinburg 
Estates Subdivision in the Township of Vaughan utilize the 
extended aeration modification of the activated sludge 
process. The plant is designed to provide twenty four hours 
retention and is preceded by a flow equalization tank with a 
retention time of twenty three hours at design flow. Waste 
activated sludge is treated in a single stage aerobic 
digester. Ultimate disposal of waste sludge from the digester 
is effected by truck haulage followed by land disposal. 



Penetanguishene WPCP 

The Town of Penetanguishene WPCP was designed to 
operate as the contact stabilization modification of the 
activated sludge process. The entire treatment section of 
the plant, except for the grit removal facilities, is con- 
tained in a single unit consisting of two concentric tanks. 
The centre tank serves as the final clarifier while the 
remaining annulus contains the mixing (or contact) zone, the 
reaeration zone, two stages of the aerobic digester and the 
chlorine contact chamber. Ultimate sludge disposal from the 
second stage digester is effected by truck haulage and land 
disposal. 



Picton WPCP 

In 1964 the sewage treatment facilities of the Town 
of Picton were converted frcMn a trickling filter system to the 
contact stabilization modification of the activated sludge 
process. The settling tanks of the existing plant were 
retained as a part of the new plant, one tank as a final 
clarifier of the new plant and the other tank as a spare 
clarifier and for periodically wasting sludge to the digesters. 
The existing anaerobic digester was converted to an aerobic 
digester by removing the gas collection equipment and installing 
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air diffusers. The remainder of the plant, except the chlorine 
contact chamber, is contained within two concentric tanks. 
The centre tank is utilized as the first stage aerobic digester 
while the remaining annulus contains the mixing and reaeration 
zones. Tank truck haulage followed by land disposal is used 
for ultimate sludge disposal. 



West Don WPCP 

The West Don WPCP in the Township of Vaughan is a 
conventional activated sludge system and receives wastes from 
a large railway classification yard and an adjacent industrial 
park. Sludge from the primary clarifier as well as waste 
activated sludge is treated in a single stage aerobic digester 
Digested sludge is wasted to drying beds and removed by truck 
haulage to a sanitary landfill area. 



Unionville WPCP 

The treatment facilities of the Police village of 
Unionville in the Township of Markham are similar to the 
facilities of Bolton in that the plant consists of two 
identical conventional activated sludge plants operating in 
parallel. Primary and waste activated sludge are aerobically 
digested in a separate two stage digester. Waste digested 
sludge is ultimately disposed of by truck haulage and land 
disposal. 



PHYSICAL PLANT DATA 



Plant 
Location 


Plant 
Type 


Design \ 
Flow 
IMGD 


present 
Flow 
IMGD 


Digester 
Type 


Digester 

Capacity 

cu ft 


Tank 
Configuration 


Tank 
Dimens ions 

ft > 


Aurora 


Contact 
Stabilisation 


1.85 


1.4 


Two 
Stage 


#1-57250 
#2-10800 


Circular 
Rectangular 


57X26.5 

40X9X10 (three 
tanks ) 


Bolton 


Conventional 


0.50 


0.25 


Single 
Stage 


15700 


Circular 


36.25X15.25 


Kleinburg 


Extendea 
Aeration 


0.050 


0.025 


Single 
Stage 


1366 


Rectangular 


11X10X14 


Penet anguish ene 


Contact 
Stabil ization 


0.334 


Q.4 


Two 
Stage 


#1- B863 
#2- 4431 


Annular Segment 
Annular Segment 


(62-30)X92OXl5 
(62-30) X460X15 


Pictan 


ContaGt 
Stabilization 


0.54 


0,9 


Two 
Stage 


#1-10450 
#2-13500 


Circular 
Circular 


32X13 
28X22 


Unionville 


Conventional 


0.40 


0.03 


Two 
Stage 


#1-11540 
#2- 6060 


Circular Segment 
Circular Segment 


40X124^X14 
40X2360X14 


I West Don 

i 


Conventional 


0.334 


0.37 


Single 
Stage 


9720 


Circular 


30X14 
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AmLYTIC^L RESULTS 



Rotttine AnalygsB 

The results of all routina analyses are presented in 
Tables 2-4 • The average and range of the results for each 
type of sample appear in the same table. For each test in the 
table of average results, the number of samples analyzed is 
shown in parentheses following the average result. The range 
of results applies to the sa»e number of determinations . Mo 
data are presented for waste sludge to the digester for the 
Kleinburg plant or for supernatant from the Picton digeaters 
since these samples were seldom availablo due to the batch 
method of operation. 



Additional Analyses 

The results for the metal analyses are presented in 
Appendix I. Results for bottom sludge samples appear in 

Table 5. 



TABLE 2 
CaailCAL CHARACTERISTICS OF WASTE SLUDGES (INFLUENT TO DIGESTER) 



Analyses 


Penetang 


Bolton 


Aurora 


West Don 


Unionville 


Picton 
















Aver 


■age of Results 






j: 


PR 


6.8 (46) 


6.7 (27) 


7.0 (9) 


6.3 ( 8) 


6.5 (6) 


6.8 (4) 


Total Solids 


8550 (46) 


29500 (28) 


14200 (9) 


41600 (10) 


40400 (6) 


19900 (4) 


Total Volatile Solids 


5210 (46) 


14300 (28) 


8020 (9) 


29200 (10) 


22000 (6) 


11800 (4) 


COD 


7900 (46) 


23700 (27) 


127 00 (9) 


63000 (10) 


22600 (6) 


14400 (4) 


Kjeldahl N 


397 (43) 


990 (27) 


580 (9) 


3540 (10) 


1180 (6) 


810 (4) 


Total P 


144 (46) 


470 (27) 


450 (9) 


990 (10) 


565 (6) 


260 (4) 






Range of Results 








pH 


6.5-7.1 


6.2-7.2 


6.4-7.4 


5.5-6.9 


6.3-6.7 


6.2-7.0 


T'otal Solids 


4320-13900 


4560-86600 


10900-16200 


32500-59400 


1960-65000 


3890-40500 


Total Volatile Solids 


1060-10800 


3050-29300 


6470-9650 


19400-43400 


87 0-63000 


2600-31700 


COD 


6050-11400 


4300-54800 


8400-24000 


32000-92700 


1600-37500 


1760-41000 


Kjeldahl N 


27-675 


150-2200 


245-920 


1290-18000 


92-2000 


200-2200 


Total P 


23-630 


61-1100 


359-555 


434-1340 


27-940 


73-620 



00 



(All results in mg/1 except pH) 



TABLE 3 
CHEMICAL CHARACTERISTICS OF DIGESTER SLUDGES 











Average of 


Results 














Pens 


-tang 


Bolton 


Aurora 


West Don 


Unionville 


Picton 


Kleinbure 




#1 


#2 




#1 


#2 


#1 


#2 


#1 


#2 




pH 


s.e 


6.2 


7.1 


7.5 


7.3 


7.6 


6.7 


6.6 


6.5 


6.9 


7.1 




(37) 


(39) 


(32) 


(13) 


(11) 


(13) 


(12) 


(12) 


(13) 


(14) 


(6) 


COD 


16400 


33200 


18400 


16900 


19400 


27400 


14600 


14100 


15100 


21200 


14200 




(36) 


(38) 


(32) 


(13) 


(10) 


(14) 


(12) 


(12) 


(13) 


(14) 


(6) 


Total Solids 


18500 


39400 


28400 


25300 


28600 


27 600 


31200 


30400 


13600 


22000 


35500 




(37) 


(39) 


(32) 


(13) 


(11) 


(14) 


(12) 


(12) 


(13) 


(14) 


(6) 


Total Vola- 


10400 


21500 


13800 


13800 


15100 


16200 


11400 


12700 


9500 


14300 


105 00 


tile Solids 


(37) 


(39) 


(32) 


(13) 


(11) 


(14) 


(12) 


(12) 


(13) 


(14) 


(6) 


Kjeldahl N 


735 


1460 


840 


1150 


1420 


1410 


960 


660 


820 


1230 


640 




(34) 


(36) 


(32) 


(13) 


(11) 


(14) 


(12) 


(12) 


(13) 


(14) 


(6) 


Total p 


325 


536 


447 


800 


900 


755 


510 


490 


330 


485 


440 




(37) 


(39) 


(32) 


(13) 


(11) 


(14) 


(12) 


(12) 


(12) 


(13) 


(6) 


Orthophos- 


25' 


7 


38 


2 


7.0 


1.3 


52 


56 


46 


40 


48 


phate p 


(3) 

i 


(3) 


(4) 


(2) 


(3) 


(3) 


(3) 


(3) 


(2) 


(2) 


(2) 



I 



(All results in mg/1 except ^) 



cont. 



TABLE 3 (cont) 











Range of 


Results 












; 


Penetang 


Bolton 


Aiarora 


West Don 


Unionville 


Picton 


Kleinburg 




#1 


#2 




#1 


#2 




#1 


#2 


#1 


#2 




PH 


6.1- 


5.4- 


6.7- 


7.1- 


6.9- 


6,7- 


6.1- 


5.9- 


5.8- 


6.3- 


6.5- 




7.3 


6.8 


7.4 


7.7 


7.6 


8.4 


7.2 


7.1 


7.0 


7.3 


7.6 


COD 


8330- 


18500- 


8100- 


12500- 


8600- 


11800- 


7900- 


6710- 


7 060- 


3800- 


1900- 




32100 


51000 


37000 


21300 


24900 


44000 


22000 


21000 


30600 


45100 


22000 


Total Solids 


10200- 


11800- 


10000- 


23000- 


15900- 


10900- 


10200- 


117 00- 


7650- 


4040- 


6200- 




40000 


59800 


57600 


387 00 


35800 


36300 


49000 


47600 


22000 


44100 


58400 


Total Vola- 


5630- 


6520- 


5580- 


11600- 


7780- 


6040- 


6200- 


5400- 


4920- 


347 0- 


1940- 


tile Solids 


22000 


36000 


35600 


25700 


20600 


30300 


16500 


29300 


15900 


29600 


18900 


Kjeldahl N 


25- 


240- 


360- 


825- 


570- 


7 00- 


335- 


323- 


390- 


195- 


115- 




1600 


4100 


1600 


1730 


1820 


2450 


2800 


1000 


1700 


3100 


1250 


Total P 


112- 


10- 


7 5- 


111- 


89- 


191- 


235- 


179- 


175- 


91- 


56- 




7 00 


1010 


1100 


950 


1250 


1510 


780 


810 


685 


1080 


700 


Orthophos- 


19- 


34- 


7- 


1.4- 


0.6- 


0.52- 


33- 


se- 


25- 


29- 


19- 


phate P 


35 


113 


46 


2.6 


19 


3.2 


63 


es 


67 


51 


; 76 



O 



(All results in mg/1 except j^) 



TMiLE. 4 
eaiMICMi tamHACTERISTICS OF DIGESTER SUPlMmTAMT 











Average 


of Results 
















Penetang 

#1 #2 


Bolton 


Aurora 


West 


Don 


Unionville 


Kleinburg 


pH 


6.7 


(46) 


5.9 


(7) 


7,2 (22) 


7.7 (10) 


7.7 


(6) 


7.4 


(3) 


7.2 


(1) 


B.OD 


237 


(46) 


112 


(6) 


17 00 (15) 


241 (10) 


681 


(4) 


9 


(2) 


70 


(1) 


Filtered BQD 


21 


(43) 


17 


(7) 


94 (17) 


103 (10) 


183 


(3) 


4 


(2) 


15 


(1) 


COD 


820^ 


(46) 


1040 


(7) 


8140 (22) 


620 (10) 


2200 


(6) 


498 


(3) 


228 


(1) 


Sua p. Solids 


97 5 


(39) 


1200 


(7) 


11500 (19) 


453 ( 9) 


67 


(3) 


46 


(3) 


280 


(1) 


K^eldahl N 


7 2 


(42) 


57 


(7 ) 


398 (22) 


150 (10) 


266 


(6) 


10 


(3) 


13 


(1) 


Total P 


58 


(45) 


98 


(7) 


241 (22) 


19 (10) 


55 


(6) 


22 


(3) 


24 


(1) 


Ortho phosphate P 


27 


(46) 


64 


(7) 


27 (22) 


2.5 (10) 


13 


(6) 


19 


(3) 


7 


(1) 



(All results in rag /I except pH) 



cont. 



TABLE 4 (cont) 



Range of Results 


1 


Penetang 

#1 #2 


Bolton 


Aurora 


West Don 


Unionville 


pH 


5.7-7.5 


5.6-6.1 


6.7-7.7 


7.3-7.9 


7.2-8.0 


7,2-7.5 


BOD 


5-3200 


16-37 


27-6350 


95-380 


260-1180 


5-13 


Filtered BOD 


3-127 


8-25 


7-270 


20-200 


110-280 


3-5 


COD 


24-9400 


200-5160 


70-25500 


37 2-830 


885-4500 


85-1300 


Susp. Solids 


9-10300 


119-6750 


46-41800 


270-7 95 


552-1410 


19-61 


Kjeldahl N 


4.1-480 


16-170 


15-1350 


88-300 


40-650 


2.9-23 


Total p 


2*1-400 


39-215 


9-930 


11-35 


13-124 


18-31 


Orthophosphate P 


1.2-58 


1-120 


3-55 


0,7-3.5 


0.4-29 


15.5-26 



I 



(All results in n^/1 except pH) 



> 



June 12, 1973. 
MEMO RATI DUM: 

TO: Mr, F.A. Voegc 

r;xecutivc Director 

FKO'M: h.J* Harris, Director 
.Research Bran.cii *: 

RE; RFEEAPCII PUBLICATION NO. VJ*^^'. - "THE EFFECTS OF 
INFLUF.I'IT ALUM HJJECTIOM ON THE EFFLUENT FROM 
CONTINUOUS DISCHARGE LAGOONF!". 



According to your instructions , we axe f O'rwardinq 
herewith three copies o^f Research Publicatioii ¥!.o^ W35, 
*''The effects of Influent Alum Injection on the Effluent 
from CO'n t i nuo us Di s cha r ge La go-o n e '"' , f o r Mi n i s te rial app ro vai 1 , 
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TABLE 5 
GHEMICMj ^J^^EACTERISTICS op bottom aUDGES 



:• 


COD 

mg/l 


Total 
Solids 

mg/l 


Total 
Volatile 
Solids 
mg/l 


. , ,._ . .._, ,, 

Volatile | Total 
Fraction : Kjeldahl 

1 
percent mg/l 


Phosphorus 
Total Ortho- 
phosphate 
mg/l 


ORP 




Penetanguishene - Reaeration Zone 






6.7 


48000 


645000 


33000 


5.1 


875 


800 


83 


- 


Bolton - Aerobic Digester 


6.3 

6.0(5.9)* 
6.2(6.1)* 
6.4(6.5)* 


68500 
7 5000 
83000 

75600 


112000 
107 000 
109000 
698000 


45000 
55000 
47700 
75300 


40.2 
51.4 
43.8 
10.8 


2000 
3200 
5600 
1680 


1800 
1180 
1370 

247 


422 


7 
35 


Aurora - Aerobic Digester 


7,6(7.5)* 


15400 


24900 


12900 


51.8 


1350 


910 


- 


160 






Unionville - Aerobic Digesters 






6.6(6.8)* 
6.8(7.2)* 


37100 
44400 


220000 
430000 


30000 
24000 


13.6 
5.6 


1230 
1800 


17 00 
2900 


55 
19 


75 
45 






Piet 


on - Aerobic Digester (Stage 2) 






6,4 


28000 


60000 


37000 


61.7 


2850 


960 


- 


460 






Kleinburg - Aerobic Digester 






7.0 


45000 


162000 


33000 


20.4 
■ , -■ 


3250 


2400 


110 


- 






♦Denotes field measurement 
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DISCUSglOM OF RBSIJLTS 



A. PROCESS PERPQRMMICl 

The data on the hydraulic and drganic loadings, 
sludge agie,, and air supply for the digesters are presented, in 
Table 6. Because of the irregular sludge wasting procedures 
followed at some of the plants* loadings and sludge ages could 
vary considerably from the average values presented. However, 
the data reflect the present state of these units with respect 
to their desigp conditions. 



Digester sludge Charaeteristics 

Solids Concentration 

The solids concentration of aerobically digesting 
sludge has varied from less than 1 percent total solids to 
almost 6 percent total solids (total solids are reported since 
the dissolved solids concentration is usually less than 0.2 
per cent and more often less than 0.1 percent). The variation 
is due to the methods of wasting sludge to the digester, the 
type of sludge wasted, and the frequency of ultims.te sludge 
disposal. Most digesters operate at greater than 2 percent 
total solids (except the first stages at Penetanguishene and 
Pictonl . At solids conceiitrations greater than 3 percent, 
difficulties with sludge settling and supernatant removal are 
frequently encountered. Thus it is advisable to operate a two 
stage system. The first stage should maintain a low solids 
concentration (1.5 to 3 percent total solids) to permit 
frequent supernatant reraoval and also to minimize the oxygen 
requirements where the ma>:imum specific oxygen uptake rate 
exists. The second stage should have a higher solids Goncen- 
tration (greater than 3 percent total solids) to perrait 
concentration of the sludge where the minimum specific uptake 
rate prevails and where the operating d^nands are less 
stringent (i.e. supernatant removal on an infrequent basis, 
weekly or monthly rather than daily) , 



TABLE 6 
PROCESS DATA 



Plant 
and Digester 


Digester 
Hydraulic 
Retention 
(Days) 


Digester 
Sludge 

Age 
(Days) 


Digester Loading 
Design Actual 
lb VS/ lb VS/ 
cu ft /day cu ft /day 


Air Supply 
Design Actual 
cfm/ cfm/ 
1000 cu ft 1000 cu ft 


Penetanguishene 


1 






i 


1] 




#1 Digester 


14 


30 


0.08 


0.024 


20 


- 


#2 Digester 


- 


- 


(overall) 


- 


20 


- 


Bolton 


m 


M ' 


0.0256 


0.025 


25 


19 


Aurora 














#1 Digester* 


- 


- 


0.024 


- 


13 


(23) 


#2 Digester 


20 


30 


(overall) 


0.025 


$.4 


8.4 


West Don 


ifl ; 


1 €S 


0.05 


0.027 


S 


46 


Unionville | 




' 


i 






i : 


#1 Digester 


360 


320 


, olii 


0.0035 


' *§ 


! 


#2 Digester 


- 


- 


(overall) 


- 


(both) 


- 


Picton 






; 








#1 Digester 


(65) 


(45) 


0.0326 


(0.012) 


m 


i ^'i 


#2 Digester 


^ 


« 


(overall) 


- 


(both) 


- 


Kleinburg 


m 


100 


0.024 


0. 020 


m 


29 



U1 

I 



♦Occasionally used as second stage digester. 

Note: Data in parenthesis indicate estimated figures. 
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The effect of the lowering of pH with long digestion 
times was observed at Penetanguishene (the longest digestion 
period in the second stage and the lowest pH) and Aurora. 
This effect was not observed at Picton. The pH of the Aurora 
and West Don digester contents was usually higher than any of 
the others. Both of these digesters normally have an inadequate 
dissolved oxygen concentration of less than 1 mg/1. Laboratory 
studies have indicated the pH of aerobically digesting sludge 
initially rises to about pH 8 and then declines. It is felt 
that the combination of daily loading and the inadequate air 
supply of the Aurora and West Don digesters keeps these digesters 
in the initial stage of digestion by lowering the biological 
activity which results in the high pH. Both of these digesters 
are also normally covered with a layer of foam; however, the 
high pH is not thought to be a cause of foaming since foaming 
has been observed at low pH values (e.g. Penetanguishene). It is 
more probable that both the foaming and high pH are a result of 
the process conditions. 



Phosphorus 

Though data on the orthophosphate phoaphorus content 
of aerobic digester sludges were not determined on a regular 
basis I the data available indicate that this phosphorus is 
approximately 10 percent (8-14 percent) of the total phosphorus; 
that is, most of the phosphorus is in the sludge solids rather 
than the liquid. Two extreme cases of this are the Aurora and 
West Don plants. The orthophosphate phosphorus fraction of the 
digester sludges of these plants is less than 1 percent of the 
total phosphorus content. Orthophosphate phosphorus data on 
the supernatant confirm the data on the digester sludges. These 
two plants receive a number of industrial wastes. It is felt 
that the presence of metal wastes accounts for the very low 
soliible phosphorus (i.e. orthophosphate) concentration in the 
digesters. At the Aurora plant it has been observed that a 
substantial removal of phosphorus occurs in the sewage treatment 
process. Such removals at the West Don plant have not been 
investigated. The removal at the Aurora plant is probably due 
to aluminum wastes (See Appendix I). This is suspected because 
of the extremely high aluminum content in the digesters 
(approximately 10 percent of the total solids concentration) . 
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As the filtered digester samples show, a very small fraction 
of the metals in the digester are in solution. 



Sludge Settleability 

One necessary condition for the effective operation 
of an aerobic digester is the formation of a settleable sludge. 
The advantages of good settleability include, the production of 
a concentrated sludge thereby minimizing the ultimate disposal 
costs, the production of a high quality supernatant, and mini- 
mization of the amount of time the digesting sludge is subjected 
to anaerobic conditions. The 30 minute settling test is not in 
general use at plants with aerobic digesters; in fact, its 
usefulness in the operation of aerobic digesters would be limited 
to estimating the minimum settling time required to obtain a 
specific volume of supernatant (i.e. digester capacity for 
additional waste sludge) or to indicate that sludge wastage from 
the digester would be advisable due to progressively poorer 
settleability. Its latter application is doubtful since typical 
settled sludge volumes are 900 ml in 30 minutes, A longer 
settling time (e.g. one hour) might be more meaningful for 
detecting trends in daily settleability changes. 

Settleability of aerobically digesting sludges is 
dependent upon solids concentration, dissolved oxygen concen- 
tration, and the type of sludge fed to the digester. It appears 
that with excessively long retention times and resultant high 
solids concentrations such as observed at Penetanguishene 
(approximately two years in the second stage) , the settleability 
of the sludge and the supernatant quality deteriorate. Poor 
settleability has also been observed when residual DO levels are 
low (less than 1 mg/1 DO) . 



Volatile Solids Reductions 

The volatile solids reductions in aerobic digesters 
have normally ranged from 10 to 25 percent in first stage or 
single stage units and up to a maximum of about 45 to 50 percent 
in two stage digesters. The average results are shown in 
Table 7. In some cases, the volatile solids fraction has not 
decreased while in other instances it has increased. This is 



- 28 - 



TABLE 7 
TOTAL VOLATILE SOLIDS REDUCTION 



Plant and 
Digester 


Average Volatile 

Solids Fraction 

Waste Sludge Digasted 

to Digester Sludge 


Percent 
Reduction 
of Total 
Volatile Solid 


Penetanguishene 








#1 Digester 


61.0 


56.1 


18 


#2 Digester 


56.1 


54.6 


8 


Overall 


61.0 


54.6 


24 


Bolton 


48.5 


48.6 


- 


Aurora 








#1 Digester 


56.6 


54.5 


10 


#2 Digester 


54.5 


52.7 


9 


Overall 


56.6 


52,7 


14 


West Don 


70.3 


58.7 


41 


Unionville 


1 






#1 Digester 


54.5 


36.5 


52 


#2 Digester 


36.5 


41.8 


*• 


Overall 


54.5 


41.8 


40 


Picton 








#1 Digester 


59.4 


70.0 


- 


#2 Digester 


70.0 


65.1 


20 


Overall I 


59.4 


65.1 


- 
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probably due to periodic fluctuations in the volatile fraction 
of the waste sludge. Only a complete mass balance on the 
system would show consistent reductions. 

The type of sludge wasted to the digester should also 
be considered. The same percent reduction in volatile solids 
should not be expected with waste activated sludge from an 
extended aeration plant as that achieved in digesting primary 
sludge because of the different initial sludge ages. The 
volatile fraction in waste sludges with a high initial sludge 
age is due to a large extent to an accumulation of biologically 
inert volatile matter. The performance of an aerobic digester 
therefore cannot and should not be judged on the basis of 
volatile solids reduction. The only possible exception is a 
long term batch digestion which under practical operating 
conditions is never encountered. Table 7 illustrates that the 
volatile solids reduction does not provide a meaningful 
operating parameter especially since one of the least stable 
digester sludges (West Don) shows one of the greatest reductions 
of volatile solids. The necessary sampling programme for 
digester control by a mass balance on the volatile matter would 
be impractical for the smaller treatment plants that would 
employ the aerobic digestion process. 



Supernatant Characteristics 

Apart from the stability and concentration of 
digesting sludge, the next most important aspect of aerobic 
digestion is the production of a low strength supernatant to 
minimize any additional load on the activated sludge process. 
Since the daily flow of supernatant returned to the plant is 
normally about 1 percent of the total plant flow, the organic 
load of the supernatant will be insignificant if the organic 
strength of the supernatant is equivalent to that of the raw 
sewage. The average results indicate that only the West Don and 
Bolton plants do not meet these requirements. Both of these 
digesters are single stage units. The high strength supernatant 
from the West Don digester is not unexpected considering the 
loading conditions. The poor quality supernatant of the Bolton 
digester is primarily due to the high solids concentration, a 
result of a buildup of solids in the digester to approximately 
6 percent. 
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A high solids concentration in the supernatant does 
not necessarily indicate a high load to the aeration tanks. 
In a conventional plant, most of the solids will settle out in 
the primary tanks and be recycled to the digester. In any 
other type of plant, the solids concentration in the aeration 
tanks will be increased but normal control of the mixed liquor 
solids concentration will minimize the temporary effects of 
the additional load. The true loading due to the supernatant 
is represented by the soluble BOD {or filtered BOD) which as 
can be seen in Table 4, is equal to or less than the organic 
strength of raw sewage. The loading due to suspended solids 
in the supernatant will not have the same effect on the plant 
as a similar concentration from an anaerobic digester. This 
is because the solids from the aerobic digester are in an 
endogenous stage of respiration (i.e. an oxidized state) with 
a lower specific oxygen uptake rate than the activated sludge 
solids. The solids in an anaerobic digester supernatant are 
in a reduced state and therefore represent an organic load to 
an oxidizing environment (i.e. the activated sludge) . 

While the organic load due to suspended solids in an 
aerobic digester supernatant is expected to be considerably 
less than a corresponding suspended solids concentration for 
an anaerobic digester, a high solids concentration in the 
supernatant nevertheless represents an inefficiency in the 
process. The performance at the Bolton WPCP is the best 
example of such an inefficiency which is caused by the com- 
bination of a single stage digester with a conventional 
activated sludge plant. When a high solids concentration in 
the digester occurred (approximately 6 percent total solids), 
the suspended solids concentration in the supernatant rose to 
over 4 percent. However, the operation of the activated sludge 
process was not adversely affected since the solids were 
recovered in the primary settling tanks (the primary sludge 
concentration rose to 8.6 percent total solids from a usual 
concentration of 2.5 to 3 percent total solids). 

While the concentrations of Kjeldahl nitrogen and 
orthophosphate phosphorus are higher in digester supernatant 
(see Table 4) than in raw sewage, the concentration factor is 
usually five times or less and therefore the total weight of 
nutrients that could be removed from aerobic digester super- 
natant is only a small fraction of the total plant nutrient 
flow (nitrogen and phosphorus) . Aerobic digester supernatant 
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in most installations affords the opportunity of nitrogen removal 
by denitrification. However, flow considerations indicate that 
denitrification would be useful only in preventing operating 
problems in the final clcirifier, such as floating sludge due to 
denitrification, rather than effecting any great reduction of 
the overall plant nitrogen output in the effluent. 

High nitrate concentrations (50-100 mg/1 as N) have 
caused difficulties in the second stage digester at Penetangui^ 
shene. Because of the high solids concentration in the 
digester, very long settling times are required to obtain an 
appreciable amount of supernatant (e.g. one day of settling for 
a foot depth of supernatant) . With settling times longer than 
one day, denitrification caused the settled sludge to rise to 
the surface, thereby eliminating the previouis days' effort. 



Field Measurements 

In most cases, the process state of the digester can 
be established by the DO level, the ORP and the nitrate concen- 
tration. If all of these values are high, the process is 
normally performing satisfactorily. An investigation of the 
reliability of nitrate results indicates that this analysis 
should be conducted in situ or the sample should be filtered in 
the field for a subsequent laboratory analysis on the filtrate. 
The nitrate concentration, the DO in the digester and the ORP 
are all low in digesters that have not performed satisfactorily. 
Low DO levels are most conanon at high temperatures while at low 
temperatures there is usually no problem in maintaining a 
residual DO. 

The digester oxygen utilization rates have ranged from 
5.7 mg/l/hr at 21*^C to 45 mg/l/hr at 250C. Most rates are in 
the range of 10 to 35 mg/l/hr, the rate depending upon the 
digester solids concentration, the total sludge age (corrected 
for type of feed sludge), and the t^nperature. The os^gen 
requirements in terms of the specific oxygen uptake rate are 
discussed in another section. 
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B. PEOBLEM AREAS 

Mixing 

All digesters undar investigaition were checked for 
adequacy of mixing, determined by the amount of solids deposition 
in the digesters. Since operation of the digestera requires the 
periodic removal of supernatant, mixing requirements for digesters 
must include the capability of resuspending settled solids that 
have accumulated during the settling period prior to supernating. 
Since settling characteristics of aerobically digesting sludges 
vary with the type of wastes being treated, long settling times 
may be necessary (i.e. twelve to twenty four hours) to obtain 
sufficient supernatant to permit further sludge wasting to the 
digester. Such extended periods of settling permit the deposition 
and c«ii;paction of solid material on the bottom of the digester. 

The location of air diff users in all digesters is 
normally 1.5 to 3 feet off the bottom. Sludge deposition in 
several digesters has been observed up to the level of the 
diff users. 

Data for bottom sludge samples in Table 5 are repre- 

aentative of bottom deposits related to the mixing capabilities 
of the air diffusers, ejccept for the Aurora and Picton samples 
which actually were liquid contents at the bottom of the digesters. 
The low volatile fraction of the deposits in the Penetanguishene, 
Unionville, and Kleinburg plants suggests that the source of the 
deposits is grit. This is not the case for the Bolton plant 
where the cause of sludge deposition is the inadequate mixing 
capabilities of the air diffusers. Some deposition of grit can 
be expected because of the higher liquid velocities required to 
keep it in suspension but groas deposition of sludge should not 
occur. The ORP values are far lower than the values (i.e. less 
than 250 mv) that have been associated with satisfactory perfor- 
mance and a residual Dp in the digesters and indicate the 
anaerobic conditions that exist in the bottom sludges. 

It is believed that solids deposition in the digeaters 
is due to a number of factors among which are the method of 
operating the digester, tank configuration, location of air 
diffusers, solids concentration in the digester, and type of 
sludge fed to the digester. 
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One digester has experienced no solids deposition, 
namely the Aurora digester. This is especially unusual since 
this digester has the lowest volumetric air supply - 8.4 cfm/ 
1000 cu ft of digester capacity. The lack of solids deposition 
could be due to the physical design or due to the fact that the 
air supply for the Aurora digester is never shut off as a part 
of the normal operating procedure. Super nating is carried out 
in a separate unaerated tank (converted secondary clarifier) on 
a daily basis. The conical bottom of the digester and the 
placement of the air diffusers in the centre of the tank 
probably account for the good mixing characteristics even with 
low air flow rates. 

Digesters experiencing the greatest problems of 
solids deposition include the Bolton, West Don and Unionville 
plants. All of these plants are conventional activated sludge 
plants and sludge wasting to the digesters is from the primary 
clarifier. This could account for some of the solids deposition 
in that inert material not removed in the grit removal 
facilities would settle out in the primary clarifier and be 
pumped to the digester. Bolton has had as much as forty inches 
of solids deposition directly below the air diffusers. 
Digesters associated with contact stabilization plants 
(Penetanguishene and Picton) have also had some solids 
deposition (excepting Aurora) though not to the extent of the 
plants mentioned above. At the contact istabilization plants, 
solids deposition has been more of a problem in the contact and 
reaeration zones than in the digesters. 

Regardless of the source of deposited solids in the 
digesters, the result is the same? that is, loss of digester 
capacity. Aeration devices should therefore be capable of 
maintaining a solids concentration of 6 percent (maximum 
practical concentration in terms of oxygen requirements) in 
suspension and be able to resuspend this concentration following 
a long settling period. 



Temperature Effects 

Process temperature effects will be discussed in terms 
of the biological rates in a later section. Physical problems 
in the digesters have been encountered at the temperature 
extremes. 
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At high temper a turea, foaming appears to be the major 
problein or most serious potential problem. When foaming occurs, 
supernatajit removal beccMmes difficult. In addition, there is a 
nuisance problem with eKcessive foiuning. 

The presence of a foam layer has been observed on the 
surface of all aerobic digesters under investigation. The foam 
has generally not affected the operation of the digestera. The 
type of foam on the digesters under normal conditions is brown, 
dense, and appears and feels greasy. The foam is present through- 
out the year but normally to a lesser extent during the winter. 

The quantity of foam preaent on a digester could not 
be correlated to the level of ether soluble material in the 
digesting sludge since high ether soluble concentrations have 
been observed without foaming problems . The only common 
parameter that has been observed at times when foaming has 
become a problem is the high liquid temperature. While the 
higher temperature is unlikely to be the cause of the foaming, 
it appears that it is a condition necessary for the formation of 
foam in excessive amounts. 

The exact cause of foaming has not been determined or 
thoroughly investigated. It is possible that the foaming is 
due to detergents, ether soluble mater ial, products of bio- 
logical decomposition of the sludge or a Gombination of these 
and other causes. 

At low temperatures, (O'^'C) ice formation in several 
digesters has caused operational problems. The most serious 
icing problem occurred at Bolton where the teittperature of the 
digester contents was measured as -Oi.S°'C. A piece of ice 
approKimately 15 to 20i feet in dianaeter formed in the digester. 
The motion of the ice resulting from the liquid turbulence and 
wind occasionally carried it from the centre into the side of 
the tank breaking off the air diffuser drop pipes which are 
located around the circumference. six of the sixteen drop pipes 
were broken off during a two week period. 

Icing was also encountered at Unionville. During 
winter operation, the surfaces of the digesters have been 
covered with 6 to 8 inches of ice or with a mixture of frozen 
foam and ice making the determination of the amount of super- 
natant formed extremely difficult , 
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Frozen valve problems have been experienced at Boltori 
and Penetanguishene , In both cases, an exposed liquid filled 
section of pipe preceded the valve which is used on an inter- 
mittent basis. 



Metal Toxicity 

Metal analyses were carried out on all digester contents 
as well as the occasional supernatant sample. Since toxicity is 
primarily due to metal ions, several digester samples were 
filtered to determine the concentration of metals in solution. 
The data were collected to establish whether industrial wastes 
were affecting the performance of the Aurora and West Don 
digesters. All other plants with aerobic digesters have very few 
sources of industrial wastes and therefore provide a basis for 
comparison. The West Don and Aurora plants, with minimal sludge 
storage, waste sludge from their digesters more frequently than 
any of the other plants so that the accumulation of metals in 
the sludge will be much less for these digesters. Even con- 
sidering this, both of these digesters normally contain high 
concentrations of metals. 

Analysis of filtered samples indicates that the con- 
centration of heavy metals in solution is extremely low. 
Filtrate samples for the West Don digester were not available 
because of the difficulty in filtering the sludge. However, 
analysis of a supei*natant sample indicates that the concentrations 
of the most toxic metals (Cu, Cr, Ni, Zn) are below the level 
(5 mg/1) normally considered as the minimum concentration for 
toxicity (See Appendix I). While the concentration of metals in 
solution is low in all digesters, this does not necessarily 
suggest that the metals combined in the sludge do not have an 
inhibitory effect on the digestion process. Bottom sludge 
samples further indicate that the metals are concentrated in the 
sludge. The high concentration of toxic metals in digested 
sludge from plants receiving industrial wastes (i.e. metal wastes) 
could pose a problem if land disposal is the method of ultimate 
disposal . 

Levels of metal toxicity for aerobic digesters were 
not investigated since this aspect of digestion is beyond the 
scope of this project. At present, such levels have not been 
established. The data on the digesters not subjected to 
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sources of industrial wastes (i.e. all except Aurora arid West 
Don) give an idea of the metal concentrations that can be 
tolerated and still provide satisfactory performance. The 
poor perforraance of the Aurora and West Don plants cannot be 
attributed solely to the high metal concentrations since both 
digesters normally suffer froin an oxygen deficiency. 



Ultimate Sludge Dispoaal 

Waste sludge from the aerobic digesters under inves- 
tigation is ultimately disposed of on farm land except at the 
West Don plant where a eanitary landfill site is used.. 

Two of the plants (Bolton and West Don) have sludge 
drying beds but they are useful only on a seasonal basis. 
Both plants have experienced operating problems with the drying 
beds* The practical application of the sludge drying beds is 

possible for a very limited period of the year. Sludge applied 
to the beds normally requires at least two weeks under favour- 
able drying conditions before a dried calc© can be removed. 
Since such weather conditions are realized only during the 
suiraier raonths, uncovered sludge drying beds are an unreliable 
means of dewatering digested sludges. While covering the beds 
could extend their utility into the spring and fall months, the 
beds would still be of no service for approximately five raionths 
of the year because of freezing problems during the winter. 
It should toe remembered that sludge from most aerobic digestera 
in the winter is only slightly above the freezing point 
(normally not greater than SOC) and would probably freeze 
before there was any substantial drainage. It is felt that the 
cost of installing sludge drying beds would be better spent on 
providing additional storage capacity for digested sludge during 
the winter when most land disposal areas are inacGeBsibla, 

All plants are hauling or have hauled liquid waste 
sludge. Only Aurora hauls sludge on a daily basis and this 
must be discontinued at times during the winter when heavy snow 

prevents access to the disposal area. 

While all plants disposing of waste sludge on farm 
land are receiving prim^arily domestic wastes (except Aurora 
which receives a greater proportion of industrial wastes), it 
is felt that the composition of the sludge should be periodically 
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checked to ensure that the sludge will not have a long term 
detrimental effect on the land with respect to its agricultural 
value . 

Although the f ilterability of aerobically digested 
sludges was not determined on a comparative or quantitative 
basis, the sludges at all plants were filtered to obtain 
filtrate samples for certain analyses (metal analyses, 
nitrates, etc.). In all cases, Whatman No. 3 filter paper was 
used and a vacuum was drawn either with a vacuum pump or an 
aspirator. On this basis then, all sludges filtered poorly. 
It was possible to obtain only 5-100 ml of filtrate before the 
filter paper was blinded by the cake. In one case (Kleinburg) , 
the supernatant obtained after a settling period of one hour 
was filtered with only slightly better results. At two other 
plants, (West Don and Unionville) the filter paper blinded 
almost iiimiediately. 

While sludge conditioning would undoubtedly improve 
the f ilterability, it is felt that any full scale installations 
of filtration equipment in association with aerobic digesters 
should be preceded by extensive tests on digesting sludges from 
full scale plants. 



C. DESIGN CONSIDERATIONS 

Oxygen Requirements 

The oxygen uptake rate of aerobically digesting 
sludge depends upon the temperature, the type of sludge fed to 
the digester and the sludge age of the digesting sludge. In 
order to compare the digesters on an absolute basis, all oxygen 
uptake rates have been determined and reported as specific 
uptake rates (mg 02/gTn volatile suspended solids /hour) . In 
comparing specific uptake rates of the various plants, it is 
important to note that the treatment process associated with 
the aerobic digester governs the sludge age of the solids being 
wasted to the digester. The sludge age of conventional waste 
activated sludge is approximately 3 to 5 days, but with contact 
stabilization, the sludge age of all solids undergoing aeration 
is approximately 10 days. For an extended aeration plant the 
sludge age of the activated sludge solids is 20 to 25 days. 
Raw primary sludge has undergone no aeration. Therefore, sizing 
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a digaster on the basis of the solids loading without con- 
sidering the type of solids being wasted could lead to over- 
sizing the digester for extended aeration plants which would 
cause no process probleiis. However, for conventional activated 
sludge plants, the load due to primary sludge could cause an 
oxygen deficiency due to an undersized digester. 

The specific uptake rate in the first stage and 
single stage aerobic digesters ranged from 0.5 to 6,3 mg 02/gm 
VSS/hour. The range for second stage digesters was 0.5 to 
2.4 mg 02/gm VSS/hour. Most of the data for first stage and 
single stage digesters are in the range of 2 to 4 rag 02/gn» VSS/ 
hour. The digesters used with conventional plants have 
specific uptake rates that are approximately 50 percent greater 
than digesters used with contact stabilization plants. 

From these uptake rates it can be seen that the moat 
severe oxygen demand arises from primary sludge. Not only is 
the specific uptake rate higher but the waste solids concen- 
tration is also higher. Since the primary sludge is a food 
source for the biological system in the digester, synthesis of 
additional sludge will occur in the digester. This represents 
a continuing high oxygen demand in addition to the initial 
immediate oxygen demand. On this basis, it is felt that 
aerobic digestion is not well suited to the stabilization of 
primary sludge. If aerobic digestion is used for primary 
sludges, a two stage system would be a necessity in order to 
keep the solids concentration to a minimum in the first stage 
and to ensure that sludge wasted from the digesters is 
stabilized. Even with contact stabilization plants, a two 
stage aerobic digestion system is required to obtain a 
stabilized sludge. With extended aeration plants a single 
stage digester would be adequate since present indications 
are that the waste activated sludge from this type of plant is 
equivalent to sludge from a first stage or single stage digester. 

It has been found that digested sludges with specific 
uptake rates between 0.5 to 1 mg 02/gm VSS/hour were well 
stabilized (i.e. did not putrefy when left unaerated) . At very 
low liquid temperatures (less than 5^C) , this range of uptake 
rates would not necessarily indicate sludge stability but 
ultimate sludge disposal would probably be extremely difficult 
when such temperatures occur. 
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In Figure 1 the specific uptake rate has been plotted 
against the sludge age of the solids undergoing digestion. 
The sludge age used for this graph is the total sludge age of 
the solids; that is, the sludge age of the digester solids 
plus the sludge age of the solids as wasted to the digester. 
Many of the sludge ages were estimated (an exact figure is 
impossible to obtain due to the variations in waste sludge 
concentrations and the frequency of ultimate disposal) ; 
however, it is felt that the values calculated are represen- 
tative of the process conditions and do not seriously affect 
the conclusions derived frcan the graph. The data have been 
grouped into two temperature ranges, below lO^^C and above IQOG. 
The digesters (except Aurora) are below 10°C for approximately 
five months in the winter. Figure 1 therefore corresponds to 
summer and winter operating conditions. It can be seen that 
with short detention times, the temperature very seriously 
inhibits the rate of biological activity. With long detention 
times (greater than 120 days total sludge age), the biological 
activity is so low that the temperature has little additional 
effect. It is also felt that the temperature effect is 
greatest in the range of O-S^C with little effect on process 
biological activity between 10 and 25<^C. At the very high 
temperatures which are occasionally encountered (i.e. greater 
than 25®C) , the process would be affected to the greatest 
extent by the inability of thta aeration equipment to supply a 
residual DO. 

From the graph it can be seen that a total sludge age 
of approximately 150 to 180 days is required before the rate of 
biological activity reaches a minimum. Digested sludges with 
these sludge ages have been observed to be well stabilized. 
Such sludges have an earthy, slightly musty odour and do not 
putrefy when left unaerated. 

In order to achieve such sludge stability a two stage 
digester would be a practical necessity except for extended 
aeration plants. At a specific uptake rate of 2, a second 
stage digester at 6 percent total solids (assume 50 percent 
volatile) would require an air supply of 67 efm/1000 cu ft of 
digester capacity (assuming 5 percent transfer efficiency) . 
At a total sludge age of 30 days, a first stage digester 
operating at a specific uptake rate of 3.5 and a solids concen- 
tration of 2.5 percent (assume 50 percent volatile) would 
require an air supply of 49 cfra/lOOO cu ft of digester capacity 
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(assumiiicf 5 percent transfer ef f iciancy) , The eKamples chosen 
represent the maximum oxygen requirement a that should be 
encountered with aerobic digesters and indicate that an air 
rate of 50 to 60 cfm/lOOO cu ft of digester capacity should be 
provided. If a greater solids concentration is to be carried 
in the digesters or if shorter total sludge ages are con- 
sidered, then higher air rates will be necessary. 

Since these examples have been calculated using the 
total sludge age, the type of sludge wasted to the digester 
must be considered to establish this sludge age. For a first 
stage digester providing a total sludge age of 30 days, the 
full 30 days would be required for waste activated sludge 
froffl conventional plants and approximately 2:0 days would be 
necesaary for waste activated sludge from contact stabilization 
plants. The sludge age and hydraulic retention time are the 
same only when the waste sludge solids concentration is the 
saime as the digester solids concentration. The hydraulic 
retention time is relatively unimportant as long as a sufficient 
solids retention time ia provided. 



Sludge Wasting and Supernatant Removal procedures 

In order to waste sludge to the digester^ some of the 
digester contents » preferably as supernatant, must first be 
removed. This may be accomplished by shutting off the air 
supply to obtain supernatant. This is either removed before 
sludge wasting or displaced by the waste sludge fed to the 
digester- The supernatant is returned to the plant influent 
or one of the treatment zones. By locating valves at fixed 
levels for supernatant removal, it Is assumed that a particular 
amount of supernatant can always be obtained. Swing valves 
offer greater flexibility for the variations that are inherent 
in this process since they allow the removal of all the super- 
natant from digesters with diffused air aeration devices. 
However,, removal of a large fraction, of the tank volume (i.e. 
greater tha.i 25 percant) is not desirable since these aeration 
devices depend upon the liquid depth for most of their oxygen 
transfer. It is therefore desirable to operate the digester 
at or close to its roaximum depth at all times. 
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Sludge transfer from the first to second stage 
digester is normally accomplished by removing supernatant 
from the second stage, allowing the first stage to settle, 
and then transferring the concentrated sludge by the head 
difference. Following the transfer, supernatant can be 
removed from the first stage digester. This transfer is 
required when the solids concentration in the first stage 
increases, resulting in poor settling or an oxygen deficiency 
(normally about 3 percent total solids) . If a concentrated 
sludge is expected following aerobic digestion, two stage 
digestion is a necessity. Such a system also offers greater 
flexibility in operation. A separate tank could be used for 
supernating and denitrif ication but this would be an additional 
cost. 

The basis for wasting sludge from aerobic digesters 
has been either of two criteria , both of which are inadequate 
as far as the process is concerned. The first of these 
criteria is that the digester is full and the poor sludge 
settleability does not permit the wastage of additional sludge 
to the digester. The second criterion is that the solids 
concentration is extremely high and the maximum air flow cannot 
supply a residual DO. In both cases, sludge must be hauled for 
ultimate disposal. However, the sludge may not be stabilized. 

Two methods of determining the stability of the 
digested sludge are by the percent reduction of volatile 
suspended solids and by the specific uptake rate. The percent 
reduction of volatile suspended solids would require a regular 
check (at least once a week) on the volatile fraction of the 
waste sludge to the digester so that erroneous conclusions on 
the degree of digestion would not be drawn due to periodic 
fluctuations in the volatile fractions. Also, the volatile 
fraction in sludges undergoing digestion for long periods of 
time appears to reach a minimum value indicating a maximum 
volatile solids destruction of approximately 45 percent. This 
is thought to be due to a buildup of biologically inert 
volatile material in the sludge. The minimum equilibrium 
volatile fraction is dependent upon the initial volatile 
fraction of the waste sludge. Results on full scale digesters 
indicate that volatile solids reduction is not a reliable 
means of determining digested sludge stability as can be seen 
from the results in Table 7. 
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The specific uptake rata is a more reliable 
indication of digested sludge stability since it is a measure 
of biological activity, since the purpose of the aerobic 
digestion process is to biologically oxidize organic compounds 
to stable organic and inorganic end products and the biological 
activity decreases as the unstable organic fraction of material 
in the sludge decreases » then this measure of biological 
activity (specific uptake rate) is an absolute basis of sludge 
stability that is not peculiar to an individual plant. 
Figure 1 shows the effect of sludge age and temperature on the 
specific uptake rate. While this rate is t^nperature dependent, 
it is still possible to select a level of activity, depending 
upon the temperature, that indicates that a sludge is suffi- 
ciently stabilized for purposes of ultimate disposal. Since 
the degree of stabilization necessary for ultimate disposal 
depends to a great extent upon the local conditions, the 
specific uptake rate that indicates stability for the local 
conditions can be established by individual plants. A specific 
uptake rate less than 1 usually indicates a stable sludge. 

This rate represents stability considering the 
aerobic digestion process as a unit process. The size of 
digester required to meet these process demands would usually 
make the process uneconomical. The stability required for 
sludge disposal depends upon the method of ultimate disposal 
and the local conditions. Where land disposal of sludge is 
practiced, total sludge ages as low as 45 days would be 
accepted. If local conditions require a more stable sludge, a 
total sludge age of 90 days should be adequate. 

Determination of the specific uptake rate requires a 
dissolved oxygen meter for measuring the oxygen utilization 
rate and equipment for the determination of the volatile solids 
concentration. While a balance, an oven and filtration 
apparatus are desirable, a centrifuge will give a rough indi- 
cation of the volatile solids concentration from the centrifuge 
tube reading provided periodic checks on the volatile fraction 
of the digester suspended solids are made. Such equipment 
should be considered essential if meaningful process control of 
the activated sludge system and aerobic digesters is expected. 
The cost of this equipment will normally be less than 1 percent 
of the total plant cost. 
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General Design Considerations 

The operational problems of seasonal temperature 
variations have been discussed previously. Factors that affect 
the temperature operating range of aerobic digesters include 
the hydraulic retention time, heat sources and heat sinks in 
terms of the air supply and the sewage flow through the treat- 
ment plant, and the construction characteristics of the 
digester. 

The air temperature from air blowers is usually in 
excess of 150*^. This heat source has not been utilized in 
the past. Insulation of the air lines and minimizing the 
length of air lines could conserve this available heat to 
prevent freezing problems in winter. Perhaps the easiest 
method of preventing temperature extremes is the use of common 
wall construction. The temperature of raw sewage is usually 
greater than 5°C, Having steel digester walls in common with 
the aeration tanks {or some other treatment zone through which 
the plant influent flows) will ensure that the digester 
temperature will be only slightly lower than the temperature 
of the raw sewage. During the summer extremely high digester 
temperatures will be avoided. Where common wall construction 
is not possible, alternate methods of heat conservation that 
can be considered include placing the tank below grade, providing 
earth embankments around the tank and/or covering the digester. 
In extremely cold areas, consideration should be given to heating 
the digester especially if a well stabilized sludge is required. 

The maximum temperature range observed in aerobic 
digesters was 290° (0° to 29°C) . In plants that have instituted 
some of the above factors for minimizing the temperature vari- 
ation, the range has been as little as 11,5C° (13,5° to 2S*^C) . 
The physical design becomes especially important if mechanical 
aerators are considered since one potential heat source available 
with diffused air systems is lost. Therefore, it is felt that 
their use should be avoided unless a heat source is available. 
The use of fine bubble diffused air aeration devices should also 
be avoided since the frequently repeated periods of settling 
prior to supernating affords too great an opportunity for 
plugging. Coarse bubble diff users of a design that is not prone 
to plugging should be used. Since no assurance can be given 
that plugging will not occur, the diff user mountings should 
permit removal of the units without draining the digester. 



- 45 - 



Ae wall as providing sufficient oxygen for biological activity, 
the aeration, device roust mlmo toe able to keep a high sO'lids 
conaentration (approxiMately 6 percent maximuin) in suspenieion 

.and reBUipend the eolids after the aottling period. 

Plant expansions where anaerobic digesters are 
curriently in use should consider using both aerobic and 
anaerobic digestion; aerobic digestion for waste activated 
sludge and anaerobic digestion for primary sludge. Aerobic 
digestion could possibly eliminate the need of increaBing the 
anaerobic digeation capacity. 
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coifCT.ijgioiie 



1. The aerobic digestion proeess can produce a stable sludge. 
The design should provide a sufficient solids retention 
time rather than a specif ic hydraulic retention time. 

Air requirements will depend on the solids retention time 
and maximuii solide coneentration in the digester. 

2. While a reduction of volatile solids does occur during 

aerobic digestion, the percent reduction of volatile 
solids cannot be used to indicate the stability of sludges 
from digesters under continual loading conditions . Th© 
specific oxygen uptake rate is one of the most reliable 
indicators of the conditions and stability of aerobically 
digested sludge. This rate is temperature dependent. 

3. Aerobic digestion produces a low organic strength super- 
natant which represents an insignificant load when 
returned to the activated sludge process. Nutrient return 
froii, aerobic digeatera normally repreaents leos than 

5 percent of the total plant nutrient flow. 

4. To enaure sludge stability and to effect concentration of 
the aludge, a two stage digestion syBtein is required for 

all activated sludge processes except the extended aeration 
modification. Settling characteristics O'f digeating sludge 
deteriorate with increasing solids concentrations and low 
residual DO levels, 

5. Present air flow rates (20 cfm/lOOO cu ft of digester 
capacity) have resulted in solids deposition and oxygen 

deficiencies in some digesters, 

6. Operational problems occur with extremes of temperature. 
Foaming has occurred at high temperatures and icing at low 

temperatures. Temperature extreiies in the digester can. be 
ininimized by the physical plant design, 

7 . Sludge drying beds are impraetieal for use with aerobic 

digesters in our climate. 
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IBCCMMEJmAT IONS 



1. The followiiig iteiis shouldi be coiisidered essential to 

the proper design of aerobic digesters : 

(a) the necessary solids retention tirae (total sludge 
age) to produce a sludge of acceptable stability 

should be provided. 

(b) two stage digestion should be provided for all but 
extended aeration plan,ts .. 

fc) the physicttl design should minimize temperature 
extreiies. 

2. The aerobic digestion procieas shouid: bp gpMaidered, pripci- 
pally for waste activated sludgei 

3. Air supplies for aerobic digestion should be based on the 
oxygen utilization rate at a particular sludge age at the 
maximum solids concentration and the maximum operating 
temperature, 

4* The use of aerobic^ digestion for industrial wastes sludges 
should be preceded by treatability studies. 



APPENDIX I 
METAL AimLYSES 



Plant and Location 



Total 
Solids 



Cr 



Al 



Pane tang 
#1 Digester 
#1 Digester 
#1 Digester 
#2 Digester 
#2 Digester 
#2 Digester 



- filt'Sred 



- filtered 



Reaeration Zone 
Bottcan Sludge 

Bolton 
Digester 
Digester Supernatant 



21100 0.30 

I 
20100 I 1.0 



31500 
29400 



645000 

14300 
(328)* 



Digester -. bottom sludge 698000 



0.0 

0.30 

2.0 

0.0 



6,0 



0.0 

0.0 

11.0 



Zn 



Cu 



Ni i Pb 



Cd 



Mn 



Fe 



5.3 
22.0 

0.1 
22.0 
39,0 
0.01 



217 



9.5 
0.4 
320 



0.0 
8.6 

0.0 

6.1 

15.0 

0.0 



42.0 



2.6 

0.04 

150 



1.0 
5.3 
0.0 
2.0 
5.3 
0.02 



3.2 

0.54 

160 



0.0 
9,2 

0.0 

0.0 

17.0 

0.0 



3 2-0 48.0 



1.5 

0.3 
28.0 



, 


" 




0.7 


15.0 


15.6 


0.0 


0.0 


0.07 


0.7 


28.0 


675 


0.0 


0.0 


0,06 


7.4 


7 0.0 


2800 


0.1 


12.8 


200 


0.10 


0.78 


2.7 


3.7 


600 


19000 



4i. 
CD 



♦Denotes suspended solids 



All results in mg/1 



cont. . . . 







tePEOTJIX 1 (cont) 














Plant and Location 


Total 
Solids 


' cr 


Al 


Zn 




:Ni 1 


Pb 


Cd 


Mn 

1 


Fe 1 

i 


; Aurora 










1 


1 




! 

j 




; #1 Digester 


24600 


, 120 


2400 


18.5 


12.0 \ 


0.8 1 


7.7 


0.0 


11.4 ! 

1 


230 


#1 Digester - filtered 


- 


\< O.Ql 


0.28 


0.0 


0. 01 


0.0 


0.0 


0.0 


0.16 

! 


0.10 


i #1 Digester 


28600 


83.0 


2275 


15.0 


- 


! 


4.8 


0.0 


1 


160 


j #2 Digester 


25400 


1 150 


2500 


15.0 


10.0 


0.7 \ 


5,4 


0.0 


9.4 


210 


#2 Digester - filtered 

' 1 


.^, 


i< 0,01 


0.38 


0. 


0.03 


0.0 

! 


0.0 


Q.0 


0.0 


0.14 

: 


1 ' 
Raw Sewage 


S40C220) 


; 0.35 


13.8 


0.28 


O.OS 


0.0 


0.0 


0.0 


0.02 


1.1 


! Final Iff luent 


1020(7 0) 


: 0.23 


10.5 


0.08 


0.07 


0.0 


0,0 


0.0 


0.03 


0.44 


West Don 




4 
1 


















Digester 


14900 


; 3:8.0 


.« 


40.0 


21.5 


11.7 


59,0 


0.24 


7.2 

i 


500 


1 
Digestei' 


31600 


i 60.0 




4.3 


2.1 


1,4 


3, 3 


0.03 


1.1 


112 


Digester Supernatant 


2240(646) 


' 0.14 


- 


3.0 


0,0 


0.0 


0.0 


0.0 


3.0 


54.0 


; Digester 


34300 


j 17 . 5 


840 


80.0 


63.0 


15.7 


77.0 


0.6 


22.0 


1680 


' Primary Effluent 


- 


' 0M5 


2.40 


2.8 


0.08 


! 0,46 : 


2.0 


0.0 


' 0,16 


8.8 


Final Effluent 


- 


0. 10 


1.05 


0.7 


0.0 


0.05 


0.6 


0.0 


: 0.17 


7.2 






All results in mg/l 



cont. 







APPENDIX I 


(cont) 














Plant and Location 
1 


Total 
Sol ids 


Cr 


Al 


Zn 


Cu 


Ni 


Pb ; Cd 

i 


Mn 


Pe 


I Kleinbxirg 






















Digester 


47400 


3.0 


- 


41 . 


24.0 


4.0 


0.0 


0.95 


27.0 


1120 


Digester 


44600 


0.9 


1125 


42.0 


46.0 


3.3 


1.5 


0.8 


28.0 


640 


Digester - filtered 


(5) 


0.0 


0.21 


0-08 


0.11 


0.0 


0.0 


0.0 


0.0 


0-20 


Digester - millipors 
filtered* 


^ 


O'.O 


0.14 


0.03 


0.0 


0..0 


. 


0.0 


0.03 


0.04 


■ Digester - bottom sludge 


I62O1O1O1 


2.45 


5 25 


580 


640 


40.0 


7 0.0 


2.0 


580 


216 CO 


■ Raw Sewage. 


f 


0.0 


3,25 


0.13 


0.14 


0.0 


0.0 


0.7 


0.17 


4.0 


Final Effluent 


" 

"" 


0.0 


0.78 


0-06 


0.03 


0.0 


0.0 


0.0 


0.04 


0.56 


Picton 






















#1 Digester 


j 127 00 

\ 


1.0 


- 


12.0 


4.2 


0,0 


3,8 


0.0 


1.8 


58 . 


#1 Digester - filtered 


0.0 


- 


0.13 


0.0 


0.0 


0.0 


0.0 


0.12 


0.04 


#2 Digester 


■ 72001 


0.5 


- 


11.3 


4.2 


0.0 


0.8 


0.0 


1.4 


60.0 


#2 Digester - filtered 


! 


0.0 


- 


o.oe 


0.0 


0.0 


0,0 


0.0 


0.7 


0.08 


Unionville 








1 
'1 














#1 Digester 


9980 


'^0.01 


55.0 11.0 


10.0 


0.0 


0,0 


0.0 


0.33 


110 


#2 Digester 


11700 


0.096 


48.0 11.5 
1 


11.3 


0.0 


0.0 


0-0 


0.30 
1 


120 



*0,.45 microns 



All results in mq/1 
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